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Abstract: This paper present a segmentation of vertebral bodies from spinal MR images based on neighborhood informa-
tion Gauss weighted and local contraction. First use a cut-off window (5x5) around each pixel and stack the gray values
inside the window into a vector, adopt the Gaussian kernel function to incorporate local spatial information, an adaptive
local scaling parameter is used to refine the segmentation rather than a fixed scaling parameter to avoid the manually
tuned parameter. Finally, the built affinity is introduced into the segmentation process by using a graph-based method to
achieve the complete target. Extensively experiments show that the present method can segment the vertebral bodies
smoothly and clearly, and it has stronger anti-noise property and higher segmentation precision than the conventional
methods. The robust and accurate result of segmentation should serve image registration and the analysis of spinal de-
formities. It is a general method for segmenting object that can develop to segment other tissues and organs.
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1. INTRODUCTION

Due to the aging of the society and the increasing of
work pressure, a large population has the spondylopathy,
such as pleurapophysis, slipped disc and spinal stenosis,
which influence lives of people in various trades. Spinal
anatomica structure and circum-structure of the vertebrae are
very complicated, thus the clinician must has good localiza-
tion and good knowledge of the vertebrae. The recognition
of the vertebral body is the main key of improving effi-
ciency, accuracy and security of the operation in clinical
practice [1].

Physicians often make their decisions in diagnosis and
treatment of spine with the help of CT and MR images. CT
images show reasonably high resolution and give good visu-
alization of the bone, and the vertebral body segmentation is
very simple using the thresholding method. MR makes full
use of a strong magnetic field (BO field) and radiofrequency
pulses for generating images [2]. If the image intensity is
determined by the T1 relaxation, it is T1-weighted imaging.
If the image intensity is determined by the T1 relaxation , it
is T2-weitited imaging. T1-weighted scans work well for
differentiating fat from water with water appearing darker
and fat brighter. This scans are obtained to observe the ana-
tomical structure of the spine. T2-weighted scans are another
basic type. Like the T1-weighted scan, fat is differentiated
from water but in this case fat shows darker, and water
lighter. In the case of spinal study, the cerebrospinal fluid
will be lighter in T2-weighted images [3,4]. This scans are
acquired to examine the pathologic change of the spine.
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The segmentation of vertebral bodies in MR images is much
challenging and complex due to the relatively variations in
soft tissue contrast and artifacts like radio-frequency inho-
mogeneity. There is little work on the vertebral body extrac-
tion from the sagittal MR spinal images.

Gamio et al. applied graph-cut to segment MR TI1-
weighted sagittal images of the spine. Graph-cut is an
unsupervised method and does not require initialization.
Using methods based on graph cut, an image is usually seg-
mented into several distinct regions rather than the target and
the background, and the pixels have high similarity within
each region. A weighted graph is constructed, where nodes
of the graph correspond to image pixels, and the weight of
the edge reflects the similarity between two joined nodes.
Solving the eigenvectors and eigenvalues of the affinity
matrix performs the image segmentation [5-7]. This method
defined a partitioning criterion that maximizes the total
similarity within groups and minimizes the total simi-
larity between different groups. Gamio et al. segmented the
vertebral body using windowed histograms of intensity as
the most promising features. Due to the usage of the simple
statistical characteristics of local histogram, Gamio algo-
rithm is not a good choice for segmenting the images with
same statistical characteristics of local histogram and low-
contrast objects [8].

Because of the influence of noise and anisotropy factor in
imaging technology, pixel gray value of the same anatomical
organizational structure in image will change greatly; this
feature does not accurately describe an image with just a
single pixel gray value, so we use the feature of gray level in
the neighborhood information to describe an image, which
introduces image space structure information. Based on the
features we propose a new similarity matrix structure, based
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on the neighborhood information and Gauss weighted Chi-
Square distance, and the use of adaptive local contraction
method Zelnik put forward to adjust the scale parameter, to
achieve accurate segmentation of 2D vertebral body. Even in
the noisy case, the algorithm can fast and accurately segment
the vertebral body, for normal and pathological vertebral
body, vertebral body outline this paper algorithm segmented
were smooth and clear, as a general segmentation method,
the algorithm can be extended to other organ segmentation.

2. BASIC THEORY

The image segmentation technology based on graph the-
ory is a new image segmentation technology, because of
good properties, are widely concerned by researchers. The
technology is a kind of combinatorial optimization method;
one image can be mapped into a network diagram, structure
similarity matrix, define a criterion function to complete the
image segmentation [9].

In the segmentation algorithm based on graph theory,
how to structure a similarity matrix is a hot research topic

[10]. The similarity of between two nodes (pixels) Vv, and

Vv, in the image is expressed as:

(i)
2
W.=e ©° (1)

ij
Among them, d (i, j) is the distance function for vertex

V; and v O is a scale factor.

In 2001, Ng et al. proposed NJW algorithm [11], which
use the gray information of image pixel structure similarity
matrix algorithm, that is:

2
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Among them, /; and /; said the gray of the pixel is v,
and v, in the image. The NJW algorithm is sensitive to
noise and image artifacts.

Gamio et al. [12] proposed a similarity matrix using im-
age local information, expressed as:

W,=e° 3)

2 1 (k)= hy (k)
X, =— 4)
7245 hi(k)+hj(k)

Among them, /. (k) is the k element of local histogram

of the i pixel, nkis the number of local histogram ele-
ments. This method can improve the segmentation accuracy
in a certain extent. Chi-square distance is a measure to effec-
tive measure the similarity of histogram. When there is no
obvious difference in the statistical characteristics of image,
it cannot accurately target segmentation.
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Shi et al. [13] proposed an new similarity matrix based
on image gray and interference contour, expressed as:

Wy =W X W +al; (5)
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Among them, X, said the position of pixel v, in image;
line(i, j) said a straight line connected pixel i and j;
Edge(x) said x edge strength; o _, o, and o is the scale

parameter; (¢ is the weight of VVUC . This method can obtain

satisfactory effect in the image segmentation, the speed of
algorithm is faster, but the parameter setting is more com-
plex.

3. SEGMENTATION OF VERTEBRAL BODIES
FROM SPINAL MR IMAGES BASED ON NEIGH-
BORHOOD INFORMATION GAUSS WEIGHTED
AND LOCAL CONTRACTION

In the image segmentation based on graph theory, the
most important is to structure similarity matrix, that is, how
to measure the distance between two points and select the
appropriate scale parameter. This paper used the idea of
NIJW algorithm in spine MR image segmentation at the first
time, and structured a new similarity matrix based on neigh-
borhood information and Gauss weighted chi-square distance
in the algorithm, while the introduction of local contraction
is high vertebral segmentation accuracy.

In order to segment vertebral body from spine MR im-
age, we propose a new similarity matrix, which overcome
the shortcomings above three kind of traditional method ex-
tracting target.

3.1. Structure Similarity Matrix

3.1.1. Chi-Square Distance Based on Neighborhood In-
formation and Gauss Weighted

In NJW algorithm, the structure of similarity matrix only
considered the single pixel gray value, the same structure
pixel gray value changes or the surrounding organs similar
grey value leads to wrong clustering and segmentation re-
sults. The local neighborhood information of image is an
important feature description of an image, introduce the local

neighborhood information of the image, that is /(%) :

h(i) = Z keN, v, (k) (8)
Wherein, N, said the neighborhood of pixel v,, v, (k)
said the k pixel in the neighborhood of pixel V; .

Using all pixels values in the neighborhood gray instead
single pixel value, using the Gauss function weighted up,
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therefore, the chi-square distance between two nodes (pixels)
V; and Vv, in the image is expressed as:

R R (A (9 B (/9)
d*(i,j)=— - J 7 =Lw 20 9
()] 2;""/( vi(k)+vj(k) gwk Wi ©)

In the formula, v,(k) said the gray value of pixel k in

the 5x5 neighborhood of one node, Wk is feature weight.

Feature weight wk assigned according to the certain prior
information, the distance from node is nearer, and the pixel
feature weight is larger, on the contrary, the pixel feature
weight is smaller. Use Gauss kernel function respectively
given feature weights to 25 pixels in neighborhood of the
pixel, thus the neighborhood information fusion together,
better describes the similarity between two pixels.

3.1.2. Local Contraction

When use NJW algorithm to structure similarity matrix,
need a scale parameter to control the impact on the similarity

matrix of the distance between two sample nodes v, and v i

and structure a suitable similarity matrix, improve the clus-
tering performance and the accuracy of segmentation results.
The algorithm is based on the clustering effect of mean K
(whether given the most compact clustering) to determine
the appropriate scale parameter. Therefore, before finding
the right parameters, must repeat eigenvalue iterative and K
means algorithm decomposition, need manually adjust the
scale parameter to eventually converge to the optimal solu-
tion. Thus, the algorithm has certain limitations, and the
amount of calculation is relatively large.

Zelnik et al. proposed a thought called local contraction
[14]. Local contraction don’t select a scale parameter O for

the whole sample set, but select O, for each sample point

V,, the distance from sample point Vv, to v, is said

d(v,,v;)/ 0,. Among them, 0, =d(v,,v,), v, is the K
close neighbor of ample point V,. In the experiment, the

general selection is K =7, this is a experience value, Taking
this value make the clustering effect of the algorithm best.

Therefore, in order to improve the accuracy of clustering
and segmentation, we introduce the idea of local contraction,

for every pixel adaptively select one O, so as to structure a

new similarity matrix W . Each element in similarity matrix

—x’ (v;.v;)lo0; e—dz(v,,v/- ) o,0;

W is said Wij =e , Wherein

O, zd(vi’vk)'

3.2. Segmentation

Based on constructing the new similarity matrix, two-
dimensional vertebral segmentation algorithm based on
optimization criterion of graph normalization is proposed,
combined with mathematical morphology realizes two-
dimensional segmentation and display of vertebral body. In

Dan et al.

the implementing process of the method, the number of clus-
ters C' =40 (in other organs segmentation, it can be adjusted
accordingly), need manual use the mouse to select the verte-
bral body to be displayed, one of the parameters don’t need
adjust, can get accurate segmentation results.

The algorithm proposed in this paper consists 6 steps, as
follows:

Step 1: in the 2D spine MR image, manual select the ver-
tebral body need to be displayed;

Step 2: use the method in subclause 3.1 to structure the
similarity matrix;

Step 3: calculate the Laplasse matrix proposed in the
NJW algorithm;

Step 4: find the largest C eigenvalues in the Laplasse
matrix;

Step 5: use K mean to cluster the former C feature vec-
tors, get the clustering result of the image;

Step 6: use mathematical morphology to segment and
trim the edge of the vertebral body, get the vertebral body
image and vertebral body edge image after image segmenta-
tion.

4. EXPERIMENT
4.1. Experimental Data

The experimental data is from the anyang Central Hospi-
tal, equipment is 3.0T magnetic resonance, MR images were
collected from 100 pieces of patients, include two modes of
2D sagittal T1 weighted and T2 weighted, the distribution of
age range was 40~65 years old. Image acquisition parame-
ters were: resolution is 0.5859mm, thickness is 4mm, image
size is 512x512 pixels, the interlayer spacing is 0.4mm. MR
image is divided into 4 categories: the T1 weighted health
population spinal images, T1 weighted patients’ spinal im-
ages, the T2 weighted health population spinal images, T2
weighted patients’ spinal images. In order to verify the valid-
ity and feasibility of the algorithm in this paper, we do quali-
tative analysis for the algorithm in this paper the classical
NJW algorithm, Gamio algorithm, and Shi algorithm. Clini-
cal expert manual segmentation results as the gold standard,
quantitative analysis the accuracy of the algorithm in this
paper. As a general segmentation method, this algorithm can
also be extended to other organs segmentation, such as ex-
tract the brain tumors from enhanced MRT1 weighted im-
age.

The experimental hardware environment: Intel Core Duo
(2.53 GHz) processor, 2 GB ram; Software environment:
Windows 7 operating system; software tools: Matlab 2008a
and Visual Studio 2008.

4.2. Experimental Results

Experiment 1: T1 weighted images, patients with normal
vertebral body

Manual segmentation algorithm: Fig. (1) is the vertebral
spine experimental results clinical expert manual segmented
from MR image; the red solid line is vertebral body contour
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segmented, right figure is the vertebral body extracted. The
manual segmentation results as the gold standard to validate
the accuracy and effectiveness of the improved segmentation
algorithm for the vertebral body.

Fig. (1). Gold Standard: the boundaries (red line) and segmentation
results of the vertebral bodies.

NJW algorithm: use gray value of each pixel as the fea-
ture, and not use local contraction to do vertebral automatic
segmentation experiments from the spine MRI, the experi-
mental results is shown in Fig. (2a), the red solid is vertebral
body contour segmented. Know from the experimental re-
sults, at the binding of vertebral body and the adjacent tissue,
gray is close, cause the over segmentation phenomenon (Fig.
2a) blue arrow); while in the other vertebral segmentation,
appear less segmentation phenomenon (Fig. 2a) red arrow).
Among them, the parameter is set to 0 =0.2, C =35.

Gamio algorithm: use the window histogram as image
significant features, without considering the spatial informa-
tion; at the same time, the scale factor is a constant, need
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repeat manual adjustment in order to get better segmentation
results, Fig. (2b) shows the segmentation results of Gamio
algorithm. Among them, the parameter is set to O =0.45,

C=35.

Shi algorithm: use the gray information and the interfer-
ence contour as classification features of images, does not
consider the neighborhood information, the segmentation
results are shown in Fig. (2¢). Among them, the parameter is

setto0 =0, 0,=0.12, 0.=0.08, o =1, C=65.

The improved algorithm in this paper: considered the
spatial neighborhood information of pixels, 25 gray values of
pixels in the 5 X5 pixels neighborhood were weighted using
Gauss function, combined with local contraction to complete
vertebral segmentation from spinal MR images, the experi-
mental results is shown in Fig. (2d), red solid line is the ver-
tebral contours segmented. Even if the gray of body and sur-
rounding tissue is close, this algorithm can also accurately
segment the vertebral body, smooth and clear, overcome the
over segmentation and the less segmentation phenomenon in
the NJW algorithm, the segmentation of vertebral contours
and vertebral body shape is close to the manual segmentation
results.

Experiment 2: T1 weighted images, the lesions occur in
vertebral body of patients

Patients vertebral are with degeneration, intervertebral is
disc herniation. Fig. (3) shows the vertebral body edges a
clinical expert manual segmented and the vertebral body
extracted. Although the vertebrae degenerative changes, the

Fig. (2). The boundaries (red line) and segmentation results of the vertebral bodies. (a) NJW algorithm; (b) The Gamio algorithm; (¢) The
Shi algorithm; (d) The proposed algorithm;In Row3: the Gold Standard is displayed in the green line and the automatic segmentation is dis-

played in the red line.
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surrounding tissue and vertebral gray value is very close, but
the method in this paper can accurately extract the distortion
vertebral body, and the other three kinds of automatic seg-
mentation method cannot accurately segment the vertebral
body, as shown in Fig. (4). The experiment parameter set-
tings are as follows: in NJW algorithm, ¢ =0.05, C =65; in
Gamio 0=0.15, C=40; in Shi algo-
rithm, 0, = o0, 0,=0.02, 0.=0.15, o¢ =1, C=68.

algorithm,

Fig. (3). Gold Standard: the boundaries (red line) and segmentation
results of the vertebral bodies.

Experiment 3: T2 weighted images, patients with normal
vertebral body

In spine MR images, the vertebral body of patients is not
deformation, the difference of adjacent tissue surrounding
vertebral body and vertebral body is larger, the segmentation
of vertebral body from this kind of spine MR image is easier.
The experimental results the clinical expert manual seg-
mented and vertebral centrum brim extracted is shown in
Fig. (5). As shown in Fig. (6), the NJW algorithm has the
over segmentation phenomena to a certain extent (blue ar-
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row); this algorithm can accurately segment vertebral body,
smooth and clear, overcome the over segmentation phe-
nomenon in the NJW algorithm, the segmentation of verte-
bral contours and vertebral body shape is close to the manual
segmentation results. In the experiment, parameter settings

are as follows: in NJW algorithm, ¢ =0.1, C =38; in Gamio
algorithm, © =0.12, C=40; in Shi algorithm, O, =00,
0,=0.2, 0,.=0.025, o =, C =63.

Fig. (5). Gold Standard: the boundaries (red line) and segmentation
results of the vertebral bodies.

Experiment 4: Patients vertebral body with lesions, ver-
tebral degeneration, intervertebral disc herniation (T2
weighted image)

With the increase of age, the spine will be prone to dis-
ease, such as vertebral degeneration, intervertebral disc her-
niation. Fig. (9) is the vertebral bodies contour a clinical ex-
pert manual segmented and the vertebral body extracted.
Because the influence of imaging technology, vertebral body
has bright spot, as shown in Fig. (10). The segmentation

Fig. (4). The boundaries (red line) and segmentation results of the vertebral bodies. (a) NJW algorithm; (b) The Gamio algorithm; (¢) The
Shi algorithm; (d) The proposed algorithm; In Row3: the Gold Standard is displayed in the green line and the automatic segmentation is dis-

played in the red line.
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(a) (b) (©) (d)
Fig. (6). The boundaries (red line) and segmentation results of the vertebral bodies, (a) NJW algorithm; (b) The Gamio algorithm; (¢) The Shi
algorithm; (d) The proposed algorithm; In Row3: the Gold Standard is displayed in the green line and the automatic segmentation is displayed
in the red line.

(a) (b) (© (@)

Fig. (8). The boundaries (red line) and segmentation results of the vertebral bodies. (a) NJW algorithm; (b) The Gamio algorithm; (¢) The Shi
algorithm; (d) The proposed algorithm; In Row3: the Gold Standard is displayed in the green line and the automatic segmentation is displayed
in the red line.
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Fig. (9). Gold Standard: the boundaries (red line) and segmentation
results of the vertebral bodies.

result from this kind of spine MR image is slightly differ-
ence, NJW algorithm cannot accurately segment the degen-
erative change vertebral body; even if the vertebral body
shape is changed, the algorithm can accurately segment ver-
tebral body, smooth and clear, vertebral contours segmented
and vertebral body shape is more close to the manual
segmentation results. In the experiment, parameter settings

are as follows: in NJW algorithm, ¢ =0.1, C =50; in Gamio
algorithm, © =0.1, C=40; in Shi algorithm, O, =00,
0,=0.22, 0,.=0.05, o =1, C=90.

In order to evaluate objectively the feasibility of the pro-
posed algorithm, Table 1 lists the comparison results of
manual segmentation algorithm and automatic segmentation
algorithm proposed in this paper, the feasibility of this algo-
rithm is stick out a mile from the table. The Dice value char-
acterizes the similarity of manual segmentation and auto-
matic segmentation results, ME represents the probability of
error segmentation, HD represents the maximum distance
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from the manual segmentation and edge of automatic seg-
mentation. The bigger of the Dice value shows that the man-
ual segmentation and automatic segmentation results consis-
tency is better; the smaller of the ME, shows that the number
of pixels error segmented is less. From Table 1 shows, the
accuracy rate of this algorithm is above 96%, the wrong
segmentation rate is below 0.3%, vertebral body edge seg-
mented is most close to clinical experts outline, this algo-
rithm can obtain the better segmentation results than other
segmentation algorithms.

4.3. Variable Comparison

NIJW algorithm and Gamio algorithm use gray informa-
tion to segment vertebral body, therefore need set and adjust
the parameters of gray information during the segmentation
process. The Shi algorithm use gray and edge information to
segment, increase the adjustment parameters. The algorithm
in this paper use local neighborhood information to segment
vertebral body, while introduce local contraction to avoid
repeatedly manual adjusting the scale parameter O . Table 2
lists the parameters needed to be adjusted and execution time
in four automatic segmentation algorithms.

The parameters algorithm in this paper needed to be
manually set is the least; algorithm execution time is the
longest. Although our algorithm execution time is the long-
est, but our algorithm only needs to be performed once,
while other algorithms need to repeatedly adjust parameters
to get the most satisfactory segmentation effect, which is
very time-consuming. The time of calculating similarity ma-
trix respectively is: NJW=0.3366s, Gamio=0.3571s,
Shi=0.6864s, the algorithm of Improved=0.7650s. Because

(a) (b)

(© (@

Fig. (10). The boundaries (red line) and segmentation results of the vertebral bodies, (a) NJW algorithm; (b) The Gamio algorithm; (¢) The
Shi algorithm; (d) The proposed algorithm; In Row3: the Gold Standard is displayed in the green line and the automatic segmentation is dis-

played in the red line.
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Table 1. The comparisons between the four algorithms.

The Open Cybernetics & Systemics Journal, 2015, Volume 9

1071

Algorithm Figure Dice ME HD
2 0.901617 0.008217 33
4 0.912605 0.006710 4.5
NJW algorithm 6 0.947509 0.004051 1.7
8 0.886505 0.008152 42
10 0.957979 0.004467 1.7
2 0.92693 0.006344 2
4 0.894051 0.007881 2
Gamio algorithm 6 0.891325 0.007866 1.7
8 0.860596 0.010296 2.8
10 0.902853 0.010391 2.2
2 0.912966 0.007805 2.2
4 0.929405 0.005768 2.8
Shi algorithm 6 0.930789 0.005188 1.7
8 0.913751 0.006432 35
10 0.940525 0.006306 1.8
2 0.964549 0.003132 2
4 0.964315 0.002842 1.7
Algorithm in this paper 6 0.969118 0.002293 1.4
8 0.962901 0.002724 1.7
10 0.970673 0.003147 1.7
Table2. The comparisons between the four algorithms.
Parameter NIW Gamio Shi Improved
gray information V(o) V(o) V(o ) x
position information x x ( o) x
Interference contour line x x (o c) x
Weight x x V(o) x
clustering number V(C) N(C) N(C) N(C)
Time/s 51.47 53.29 15.25 57.01
gray information V(o) V(o) (¢ c,) x

*The V denotes the algorithm has the parameter, if not is .
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(a) (b)

(© (@

Fig. (11). Comparisons of the four algorithms on segmentation results with zero-mean Gaussian white noise. (a) The segmentation of NJW
algorithm; (b) The Gamio's algorithm; (¢) The Shi's algorithm; (d) The proposed algorithm.

the algorithm in this paper needs to compute the local neigh-
borhood information, the time of calculating similarity ma-
trix is also the most.

4.4. Robustness Analysis

In order to study the robustness of this algorithm against
noise, we add Gauss white noise of the 0 mean different
variance of on the real spine MR image, the segmentation
result is shown in Figs. (11 and 12) shows Dice, ME and HD
values of evaluation indexes of 4 kinds of automatic segmen-
tation algorithm, we can see from the above results, this
method has good robustness to Gauss noise.

CONCLUSION

The technology of image segmentation based on graph
theory is a new segmentation technology; in the field of
medical image processing is still in the research stage. NJW
algorithm structure the similarity matrix, only use the feature
of single pixel value, not good enough to describe an image,
and need to do a lot of experiments to get the appropriate
scale parameter, improve the segmentation accuracy, an im-
age pixel distribute in different scale spaces, even at the case
of obtaining a suitable scale parameter, also cannot get ideal
segmentation effect. As shown in the experimental results,
with the image of vertebral body and adjacent tissue gray
similar and vertebral degenerative deformation the segmen-
tation effect is not ideal, vertebral body cannot be accurately
segmented, in vertebral edges appear the phenomenon of
over segmentation and less segmentation.

The algorithm our proposed gives full consideration to
the impact of the pixels around the pixel neighborhood, we
introduce spatial structure information, based on experience
the neighborhood information is combined together as the
certain feature weight, that is use Gauss function weighted
72 distance metric the similar size of two pixel nodes, so
construct a new similarity matrix, improve the results of
clustering and segmentation. In the choice of the scale pa-
rameter, this algorithm introduces local contraction thought,
automatically assigned a scale parameter for every pixel,
which makes the algorithm adaptive to image segmentation,
even when an image pixel distribute in different scale space,
the algorithm still has the adaptive adjusting. As shown in
the experimental results, at the automatic segmentation of
vertebral body from the spine MR image, with the image of
vertebral body and the adjacent tissues gray similar,
scoliosis, intervertebral disc deformation, displacement still
has very good segmentation results and robustness. As a
general segmentation method, it can be extended to other
tissue segmentation.

Spine MR image segmentation is always difficult, verte-
bral body contour segmented using spine MR image segmen-
tation method based on neighborhood information and Gauss
weighted chi-square distance is more close to manual seg-
mentation, and do not need to repeatedly adjust parameters,
accurate segmentation result has great application value in
auxiliary diagnosis for image registration, image retrieval,
spinal deformity analysis, organ positioning and related dis-
eases.
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Fig. (12). Dice, ME and HD similarity measures computed for the
four methods. Original image is shown in red, and the images added
Gaussian white noise with variances 0.01 and 0.02 are shown in
green and blue, respectively. (a) Dice similarity measure: (b) ME
similarity measure; (¢) HD similarity measure.
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